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CLAIMS 



[Claim 1] The magnetic-substance yoke fixed to the shaft used as a vibration-deadening object, and the 
electromagnet for vibration deadening which attracts this magnetic-substance yoke by non-contact with 
magnetic force. In an actuator the electromagnetism equipped with this electromagnet for vibration 
deadening, the displacement sensor which measures the clearance between these magnetic-substance 
yokes, the compensating circuit which outputs the exciting current of said electromagnet based on the 
output from this displacement sensor, and the controller which consists of power amplification ~ the 
electromagnetism to which the magnetic path in said magnetic-substance yoke by said electromagnet for . 
vibration deadening is formed in the shaft orientations of the shaft used as said vibration-deadening 
object, and distance between the horseshoe-shaped magnetic poles of this electromagnet is 
characterized by being larger than the clearance between said electromagnets for vibration deadening 
and said. magnetic-substance yokes — an actuator. 

[Claim 2] the electromagnetism according to claim 1 characterized by the magnetic pole which two or 
more electromagnets for vibration deadening adjoin each other, are arranged in a hoop direction at the 
periphery of the shaft used as said vibration-deadening object, and adjoins the hoop direction of this 
electromagnet being the same polarity — an actuator. 

[Claim 3] the electromagnetism according to claim 1 or 2 which said electromagnet for vibration 
deadening damps horizontally, and is further characterized by having the controller which consists of a 
displacement sensor, and the compensating network and power amplification for controlling the 
electromagnet for surfacing which supports a vibration-deadening object in the direction of a vertical, and 
this electromagnet for surfacing — an actuator. 

[Claim 4] the electromagnetism according to claim 3 characterized by the outer diameter of a magnetic- 
substance yoke used as the target of said electromagnet for surfacing being larger than the clearance 
between said horizontal electromagnets for vibration deadening and said magnetic-substance yokes at 
least than the outer diameter of said electromagnet for surfacing — an actuator. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[imJustrial Application] this Invention -- electromagnetism ~ the electromagnetism for giving sufficient 
vibration-deadening effectiveness to the vibration-deadening object with which start an actuator and the 
disturbance of a comparatively big vibration (amplitude) is especially expected to be ~ it is related with 
the structure of the electromagnet for vibration deadening of an actuator. 

[0002] , , . r . * 

[Description of the Prior Art] drawing 3 ~ electromagnetism ~ it is the explanatory view of an actuator, 
this electromagnetism ~ an actuator is used for the vibration removal equipment of for example, a 
magnetic levitation method, and carries out surfacing support of the vibration removal table for vibration 
deadening by non-contact with magnetic force. For example, a vibration removal table is fixed to a shaft 
1 (not shown), and the machinery for [ which dislikes vibration ] vibration deadening is carried on this 
table. The magnetic-substance yoke 5 is being fixed to the shaft 1. and the electromagnet 3 for vibration 
deadening carries out surfacing support of the shaft 1 with the magnetic force by attracting the 
magnetic-substance yoke 5 which is a target. Therefore, shake-free [ of the vibration removal table on 
which the machinery used as the vibration-deadening object fixed to the shaft 1 was carried ] is carried 
out from vibration of an installation floor. 

[0003] Surfacing and vibration-deadening control of a shaft 1 are performed by the magnetic pole of an 
electromagnet 3. the displacement sensor 7 which measures the clearance a between the magnetic- 
substance yokes 5. the compensating network 9 which outputs the exciting current of an electromagnet 
based on the output from a displacement sensor 7. and the controller 8 which consists of power 
amplification 10. A compensating network 9 generates a control signal so that surfacing bearing capacity 
and the damping force over vibration may be given, and power amplification carries out power 
amplification of this control signal, and it generates the magnetic force for vibration deadening by 
supplying an exciting current to the electromagnet 3 for vibration deadening. 

[0004] Drawing 4 is the explanatory view of the structure of the built conventional electromagnet for 
vibration deadening, the conventional electromagnetism ~ in an actuator, the electromagnet 3 for 
vibration deadening equips the hoop direction with the convex magnetic pole 12, namely, arranges the 
magnetic pole of a horseshoe-shaped yoke to the hoop direction. Therefore, the magnetic path 13 of the 
magnetic flux which controls the shaft 1 used as a vibration-deadening object forms the closed magnetic 
circuit which goes into the magnetic-substance yoke 5 through a gap (clearance) a for example, from N 
pole, and goes into the south pole of a magnetic pole 12 through a gap (clearance) a, passes along the 
yoke of an electromagnet, and returns from the magnetic-substance yoke 5 to the above-mentioned N 
pole. Therefore, the magnetic path in the magnetic-substance yoke 5 fixed to the shaft 1 for vibration 
deadening by the electromagnet 3 for vibration deadening was formed in the hoop direction of the shaft 
used as a vibration-deadening object. 
[0005] 

[Problem(s) to be Solved by the Invention] However, if the magnetic path in the magnetic-substance 
yoke fixed to the shaft for [ by the electromagnet for vibration deadening ] vibration deadening as 
mentioned above is formed in the hoop direction of a shaft To the spacing b between the magnetic poles 
which adjoin each other, the gap a of a magnetic pole and a magnetic-substance yoke does not produce 
a problem, in being small, but when vibration (amplitude) of the shaft for vibration deadening becomes 
comparatively large and controls vibration of the large amplitude, a gap a becomes large and becomes 
large as compared with the spacing b between magnetic poles. 

[0006] If a gap a becomes large as compared with the spacing b between magnetic poles, the magnetic- 
substance yoke 5 which magnetic flux fixed to the shaft 1 for vibration deadening will not be reached, but 
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it will return to the magnetic pole which adjoins each other, and the problem that the shaft 1 used as a 

vibration-deadening object cannot be given will produce sufficient magnetic force. 

[0007] the electromagnetism by which spacing of the shaft for vibration deadening and the pole face of 

an electromagnet controls the big vibration for vibration deadening (amplitude) greatly in view of the 

trouble of the conventional technique which this invention requires — in an actuator, the electromagnet 

structure where sufficient magnetic force can be given to the shaft for vibration deadening is offered. 

[0008] 

[Means for Solving the Problem] the electromagnetism concerning this invention — an actuator with the 
magnetic-substance yoke fixed to the shaft used as a vibration-deadening object The electromagnet for 
vibration deadening which attracts this magnetic-substance yoke by non-contact with magnetic force, 
this electromagnet for vibration deadening, and the displacement sensor which measures the clearance 
between these magnetic-substance yokes, In an actuator the electromagnetism equipped with the 
compensating circuit which outputs the exciting current of said electromagnet based on the output from 
this displacement sensor, and the controller which consists of power amplification ~ The magnetic path 
in said magnetic-substance yoke by said electromagnet for vibration deadening is formed in the shaft 
orientations of the shaft used as said vibration-deadening object, and distance between the horseshoe- 
shaped magnetic poles of this electromagnet is characterized by being larger than the clearance between 
said electromagnets for vibration deadening and said magnetic-substance yokes. 
[0009] 

[Function] Since the magnetic pole of an electromagnet is arranged so that it may form in the shaft 
orientations of the shaft used as a vibration-deadening object (i.e., since the magnetic pole of the 
horseshoe-shaped yoke of an electromagnet is arranged at shaft orientations), the magnetic path in the 
magnetic-substance yoke by the electromagnet for vibration deadening can take the large spacing b of 
the magnetic pole which adjoins a hoop direction. Moreover, the distance c between the magnetic poles 
of the U shape of an electromagnet is larger than the clearance a between an electromagnet and a 
magnetic-substance yoke. Therefore, since the magnetic flux of magnetic flux formed by the 
electromagnet 3 which escapes to the magnetic pole which adjoins a hoop direction and shaft 
orientations decreases and the magnetic-substance yoke of a target is reached, the electromagnet for 
vibration deadening can exert magnetic force on the shaft 1 used as the vibration-deadening object to 
which the magnetic-substance yoke was fixed efficiently. So. a gap (clearance) a becomes greatly able 
[ shaft / as for the electromagnet 3 for vibration deadening ] to carry out vibration-deadening control of 
the shaft 1 for vibration deadening, even when a shaft 1 carries out large amplitude actuation. 
[0010] 

[Example] the electromagnetism of this invention — the fundamental configuration of an actuator is the 
same as that of what is shown in drawing 3 , gives the same sign to the same component, and omits the 
explanation. That is, the magnetic-substance yoke 5 is fixed to the shaft 1 used as a vibration-deadening 
object, and the electromagnet 3 for vibration deadening damps the shaft 1 used as a vibration-deadening 
object on it by making magnetic force act on the magnetic-substance yoke 5 by non-contact. Control of 
magnetic force detects the variation rate of the clearance between an electromagnet 3 and the 
magnetic-substance yoke 5 by the displacement sensor 7, and is performed by controlling the exciting 
current of an electromagnet by the controller 8 equipped with a compensating network 9 and power 
amplification 10 based on the output from a displacement sensor 7. 

[001 1] Drawing 1 is the explanatory view of the structure of the electromagnet for vibration deadening of 
one example of this invention. As shown in (B), the magnetic poles 14 and 15 of the pair of the 
electromagnet yoke formed in horseshoe-shaped are arranged at the shaft orientations of the shaft 1 
used as a vibration-deadening object. And the horseshoe-shaped magnetic pole 14 of this electromagnet 
3 and the distance c between 15 are larger than the gap (clearance) a of the magnetic-substance yoke 5 
used as magnetic poles 14 and 15 and a target. Therefore, a magnetic path 16 goes into the magnetic- 
substance yoke 5 through a gap a from the magnetic pole 14 which is an N pole, it passes along the 
inside of the magnetic-substance yoke 5 in shaft orientations, passes along a gap a again, goes into the 
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* magnetic pole 1 5 which is the south pole, and it is formed so that it may return to a magnetic pole 1 4 
through the yoke of an electromagnet. Therefore, as shown in (A), the spacing b with adjacency ****** 
becomes large to a gap a in a hoop direction, and the leakage of the so-called magnetic flux which a 
magnetic path produces between the magnetic poles of adjacency ******** decreases. 
[0012] Moreover, four pairs of electromagnets for vibration deadening adjoin a hoop direction, and are 
arranged, and the magnetic pole which adjoins the hoop direction of this electromagnet is made into the 
same polarity (for example, top magnetic poles are N poles, and bottom magnetic poles are the south 
pole) at the periphery of the shaft used as a vibration-deadening object. By making adjacency ****** 
into a like pole at a circumferencial direction, the leakage of the magnetic flux to the magnetic pole which 
adjoins each other is reduced further. So. even if a gap a is large, it becomes possible to exert magnetic 
force on the shaft 1 for vibration deadening more effectively, and the controllability in large amplitude 
actuation is improved more. 

[0013] therefore, the electromagnetism using the built electromagnet ~ according to the actuator, since 
the leakage flux to the magnetic pole which adjoins a hoop direction is reduced, the large gap a to the 
magnetic-substance yoke of the shaft used as a magnetic pole and a vibration-deadening object can be 
taken. For example, since that to which a vibration removal table vibrates with the large amplitude by 
using for the vibration removal equipment of a magnetic levitation method can also take the large gap a, it 
can be damped to stability. 

[0014] drawing 2 — the electromagnetism of one example of this invention — it is the explanatory view 
of an actuator. The electromagnet 3 for vibration deadening of the structure shown in drawing 1 damps 
horizontally, and damps efficiently the shaft 1 which serves as a vibration-deadening object through the 
big gap a according to the magnetic-attraction force of an electromagnet 3 based on the displacement 
signal of the gap a detected by the displacement sensor 7. 

[0015] Furthermore, it has the electromagnet 21 for surfacing which supports the shaft 1 for vibration 
deadening in the direction of a vertical. The electromagnet 21 for surfacing carries out surfacing bearing 
of the magnetic-substance yoke 22 used as the target fixed to the shaft 1 for vibration deadening 
according to the magnetic-attraction force. Surfacing control detects the perpendicular direction 
displacement of the magnetic-substance yoke 22 by the displacement sensor 23, inputs the output into 
the controller 28 which consists of a compensating network 29 and power amplification 30, and is 
performed by controlling the exciting current of an electromagnet 21. 

[0016] Only the d of the outer diameter of the magnetic-substance yoke 22 used as the target of the 
electromagnet 21 for surfacing is larger than the outer diameter of the electromagnet 21 for surfacing 
here, and this d is larger than the clearance a between the magnetic-substance yokes 5 used as the 
horizontal electromagnet 3 for vibration deadening, and its target. Therefore, even if the shaft 1 used as a 
vibration-deadening object vibrates with the large amplitude, the peripheral face 25 of the target 22 
which carries out surfacing bearing does not go inside the magnetic pole of the electromagnet 21 for 
surfacing. So, the problem of it becoming impossible to fully exert the magnetic force of the 
electromagnet 21 for surfacing on the magnetic-substance yoke 22 can be prevented. 
[0017] That is, the shaft used as a vibration-deadening object can give sufficient magnetic force to the 
shaft used as a vibration-deadening object to the equipment actuation of the large amplitude is expected 
to be according to disturbance etc. in addition, although the above explanation is a thing about the 
application to vibration removal equipment, it comes out for a shaft to be applied to the magnetic bearing 
equipment supported with the magnetic force of an electromagnet, a linear motor type track, etc. from 
the first. 
[0018] 

[Effect of the Invention] As explained above, this invention forms the magnetic path of the electromagnet 
for vibration deadening in the shaft orientations of the shaft used as a vibration-deadening object. 
Therefore, since the leakage flux to the magnetic pole of the hoop direction which adjoins each other is 
reduced, it becomes possible to make magnetic force act efficiently to the shaft for vibration deadening. 
So, it applies to vibration removal equipment with the large gap of the shaft for vibration deadening, and 
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* the magnetic pole of an electromagnet etc., and a good vibration-deadening property is realized. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Explaining arrangement of the electromagnet of one example of this invention, (A) is a 

sectional view and (B) is a sectional side elevation in alignment with shaft orientations. 

[Drawing 2] the electromagnetism of one example of this invention — it is the explanatory view of an 

actuator. 

[Drawing 3] electromagnetism — it is the explanatory view of an actuator. 

[ Drawing 4 ] Explaining arrangement of the conventional electromagnet, (A) is a sectional view and (B) is a 

sectional side elevation in alignment with shaft orientations. 

[Description of Notations] 

1 Shaft Used as Vibration-Deadening Object 

3 Electromagnet for Vibration Deadening 

5 22 Magnetic-substance yoke 

7 23 Displacement sensor 

8 28 Controller 

9 29 Compensating network 

10 30 Power amplification 
12, 14, 15 Magnetic pole 
13 16 Magnetic path 

21 Electromagnet for Surfacing 
Gap (clearance) 

b Spacing between the magnetic poles which adjoin a hoop direction 
c Spacing between the magnetic poles of an electromagnet 

d The difference of the outer diameter of a magnetic-substance yoke and the electromagnet for 
surfacing 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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